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-PREFACE 
This thesis is written to discuss the anatomy of 
the skull and its contained structures in regard to intra-
oranial complioations due to preexisting routes. There is 
no attempt to discuss olinical medicine other than in a dir-
eot connection with these preexisting routes. In this way 
the dangerous potentialities of certain common infectious 
and pyogenio conditions may be more olearly understood and 
carefully watched for. To t~roughly comprehend these. dan-
gerous potentialities a knowledge of the anatomy of the 
skull and its ~ontents is essential. This thesis is written 
to mak~ this anatomy a basis of an understanding of certain 
types of intracranial pathology especially those arising as 
complications of previous pyogenic infeotious processes. 
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THE ROUTES OF INTRACRANIAL INFECTIONS 
It seems probable that much of the damage done by 
intracranial infections could be prevented or lessened by 
watohing for them when a situation occurs which has PQtent-
ialities of intracranial complications. A thorough under-
standing of the anatomy of the skull and blood supply of the 
cranial cavity would enable one to possibly prevent or at least 
make an earlier diagnosis and thus institute earlier treatment 
of an intracranial complioation when it does arise. The anatomy 
in regard to potential routes of infection will be disnussed. 
Anatomical Considerations 
The Meninges.--The brain and spinal cord are en-
veloped by three membranes. From the outside inward these are; 
the dura mater, the arachnoid and the pia mater. 
Dura Mater.--The dura mater or primitive paohymeninx 
arises from perimeningeal mesench~ae relatively late in embry-
onic life. l &2The dura is a thick dense fibrous membrane composed 
of two layers. The outer serves as the internal periosteum of 
the skull and is probably derived from the endosteal or enchon-
drial tissue, and by Kapper's opinion should not be oonsidered 
as a dural lamellae. 2 The dura serves several functions; a 
the 
lining for the cranial cavity, a mechanical support forAbrain, 
and forms the great dural sinuses which are needed to remove 
the venous blood from the brain.3 
The relativ.e simplicity of the dura may beaocounted 
for by the concept that the skull with its lining dura forms 
an articulation as to other bones. In this case not with an-
other bone blilt:wlth soft tissues, the brain and pia arachnoid, 
,k1l"""~1" 
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the cavity of this articulation being the subdural side of 
which, as demonstrated by Maximow, is composed of r-ibroblastic 
tissue as lines other bony articulations. 3 
The dura. is adherent to the inner surface of the 
cranium. The degree of adhesion varies, being greatest at 
the suture lines and about the base, it is most adherent over 
the projecting portions of the base such as the petrous por-
tions of the temporal bones. The firm adherence to the base 
is augmented by the dural sheathes which follow the cranial 
nerves through various foramina of the skull. Extracranially 
these prolongations of dura blend with the nerve sheathes and 
also become connected with the external periosteum of the 
skull. Along the vault the dura is less adherent to the cran-
ium. It 1s fastened to the skull by many fine fibrous processes 
and blood vessels which pass between it and the bone. Between 
these processes are small lymph spaces (epidural spaces) here 
the outer surface of the membrane is covered by endothelial 
cells. 
At certain p~aces along the inner surface of the dura 
strong fibrous partitions arise. These project into the cranial 
cavity and divide it into several freely communicating compart-
ments. These septa are; the falx cerebri, tentorium eerebelli, 
falx cerebelli, and the diaphragma sellae. 
The falx cerebri projects into the sagittal fissure 
dividing the cerebral hemispheres. It is attached superiorly 
to the dura of the cranial vault in the midline. The anterior. 
inferior portion is attached to the ethmoid bone at the crista 
galli. The midportion, about two-thirds of its length, is un-
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attached, while the posterior third is attached to the superior 
surface of the tentorium cerebelli in the midline. 
The tentorium cerebelli is a crescent shaped septum 
forming the roof of the posterior cranial fossa. It is closely 
applied to the superior surface of the cerebellum intervening 
between the cerebrum and cerebellum. The tentorium is attached 
posteriorly and laterally to the cranial wall, antera-laterally 
it is attached to the superior border of the petrous bone. The 
anterior border is concave in shape and is unattached. This 
concave free border helps to form the opening for the mesen-
cephalon. 
The falx cerebelli is a small partition inferior to 
the tentorium in the midline projecting between the cerebellar 
hemispheres. On approaching the foramen magnum it bifurcates 
forming two divergent ridges which fade out as they follow a-
~ound opposite sides of the foramen magnum. 
The diaphragma sellae is a small fold forming the 
roof of the sella turcica. This fold is perforated by an 
opening for the stalk of hypophysis. 
The Subdural Space.--This is a relatively potential 
space lying between the dura mater and the arachnoid. The sub-
dural space is lined by two different membranes. Externally 
is the dura which is permeable to infection and injection ma-
terials, and organizes and removes blood from the subdu.ral 
space, also it has a standard capillary circulation. Injury 
to the dura without injury to the arachnoid does not produce 
adhesions. 
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The arachnoid membrane is relatively impermeable to 
those things to which the dura is permeable, this will be fur-
ther considered under the discussion of the pia-arachnoid. In 
studies of response to injury it appears that the dura is held 
in check from forming adhesions to the arachnoid in the normal 
body only by the integrity and resistance of the cells covering 
the arachnoid, for if these are injured adhesions are promptly 
formed. 
This sharp distinction between the dura and the pia--
arachnoid indicates that the subdural space does not correspond 
to the description of other serous cavities such as the peri-
toneal or pleural cavities. Part of this difference may be 
explained in the origin of the lining membranes. The dura, as 
previously stated, has a mesenchymal origin, while the pia-arach-
noid is ectodermal in origin. As previously explained it would 
probably be better to consider the subdural space and its lining 
as an articulation rather than as a serous cavity.3 
The subdural space is carried outward for a very short 
distance on the cranial nerves, however on the opt1c,merve 1 t is 
carried the full length of the nerve. The space in now way is 
in free communication with the subarachnoid space. It does, how-
ever, communicate with the perineural spaces as shown by Key, 
Retzius, and later by Cuneo. These men demonstrated that mater-
1al injected into the subdural space could be found in the peri-
neural spaces. By similar injections into the subdural space 
it was also demonstrated that there was a free communication 
with the extracranial lymphatics especially those of the nose. 
Key and Betzius also found that the true lymphatics did not 
.-
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communicate with the perineural spaces. 4 The subdural space 
has another communication that is unusual and will be des-
cribed when discussing the middle ear. This is a continu-
ation through a patent subareuate fossa and in some cases 
the dura actually lined the antrum. 5 
The Arachnoid.--This is a thin non-vascular mem-
brane. It lines the inner surface of the subdural space and 
is loosely attached to the pia mater and forms the external 
limiting membrane of the subarachnoid space. The arachnoid does 
not follow the minor contours of the brain. It does not dip in-
to the sulci except the longitudinal cerebral fissure, but is 
loosely attached over the crests of adjacent gyri. 
The Pia Mater.--The pia mater, a thin membrane, lies 
everywhere in intimate contact with the external surface of ~he 
brain, and penetrates into the depths of the cerebral sulci. 
The Pia-Arachnoid and Subarachnoid Space.--The pia--
arachnoid or leptomeninx is ectodermal in origin arising from 
cells in the neural crest. Harvey and Burr have shown that-they 
fail to develope in the absence of the neural crests. l 
These tissues form a relatively impermeable sac en-
closing the cerebrospinal fluid after it leaves the brain. The 
impermeability of the pia-arachnoid is shown by experimental 
evidence. It is completely permeable to alcohol alone of the 
foreign substances injected to test its permeability. It is 
only partially mermeable to methenamine, chloroform and ethyl 
carbonate. To toxins and antitoxins its permeability is slight 
or absent. Zylber~last-Zand has shown that this barrier action 
which protects the central nervous system is a function of the 
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pia-arachnoid and not the chorioid plexus. 3 Zylberblast-Zand has 
observed that after removal of an area of the pia mater from the 
brain, trypan blue injected intravenously .aooumulated in this 
denuded area and the rest of the oentral nervous system was en-
tirely free from the dye. 5 This barrter action will be discussed 
in greater detail. 
Between the araohnoid and the pia projeot numerous 
delicate trabeoulae conneoting these two membranes and thus form-
ing a delicate mesh. The araohnoid, pia, and trabeculae lining 
and occupying the subarachnoid space are covered by flattened 
polygonal mesothelial oells. The meshes vary in size, increasing 
from the very fine reticular spaoes over the oerebral hemispheres 
to wider more open spaces in the cerebral sulci and about the 
spinal oord, reaching their maximum in the cisternal dilatattans 
about the cerebello pontine angle. 
The mesothelial lining oells are also of importanoe 
. . 
beoause of their changing morphology under varying physiological 
conditions. These cells will phagocytose carbon granules intro-
duced in the subaraohnoid space, and when phagocytio these oells 
inorease~ in size. It was shown by Essick that the presenoe of 
foreigh.:illlaterial eaused these oells to beoome enlarged, vacuolated, 
phagocytic and finally detaohed to form free maorophages in the 
cerebrospinal fluid.? 
The subarachnoid space is formed by the separation 
of the pia and arachnoid membranes. The width of the space 
varies in different areas. It is smallest over the oerebral 
gyri. Being larger in the sulci and the cisterns. 
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Greatest of these cisterns is the cisterna cerebello-
medullaris. This is formed by the arachnoid bri~ng over the 
wide interval between the posterior part of the inferior surface 
of the cerebellum and the medulla oblongata. It is continuous 
with the posterior part of the wide subarachnoid space of the 
spinal medulla. 
On the floor of the cranium lies the cisterna pontis 
and it is a continuation upwards of the anterior part of the sub-
arachnoid space of the spinal medulla. In the region of the me-
dulla oblongata it is continuous behind with the cisterna cere-
bellomedullaris thus entirely surrounding this section of the 
brain with a wide subarachnoid space. 
In front of the pons the arachnoid bridges between 
the temporal lobes thus covering a deep hollow in this area, and 
forming the cisterna interpeduncularis which contains the circle 
of Willis. Leading out from this cistern are certain wide sub-
arachnoid channels. Two of these are prolonged into the lateral 
fissures and accommodate the middle cerebral arteries. Anteriorly 
it passes into a space in front of the optiC chiasm. the cisterna 
chiasmatis, from here it is prolonged in the longitudinal fissure 
above the corpus callosum. The anterior cerebral arteries course 
through this subarachnoid space. 
The most intimate contact between the dura and the 
arachnoid is made by the arachnoid granulations. These are small, 
fleshy appearing excrescences, purplish-red in color. These may 
be found in any place on the dura but mostly along the great dural 
sinuses especially along the superior sagittal. The arachnoid 
granulations are prolongations of the arachnoid membrane so that 
fl8 
the arachnoidal mesothelial cells come into direct contact with 
vascular endothelium of the great dural venous sinuses. These 
villi are covered by typical arachnoid cells usually of a single 
layer but often forming whorls and presenting double layered 
coverings. The core of such a vi llus may be a strand like net-
work reduplicating the subarachnoid space or a myxomatous ground 
work simulating the perime,dullary mesenchyme.? 
All structures, blood vessels and nerves traversing 
the subarachnoid space are covered by the mesothelial elements 
lining the space. About eac~ of the blood vessels perforating 
the brain substance is a distinct fluid space. This i~ a con-
tinuation of the subarachnoid space, these are called the peri-
vascular channels or spaces. The cells of the pia mater turn 
inward to form the outer cuff of a perivascular channel, while 
the cells of the arachnoid as they cover vessels traversing the 
subarachnoid space are continued inward to form the inner cuff. 
Thus each blood vessel penetrating the central nervous system 
is surrounded by a cell enclosed, fluid filled, perivasnular 
channel space which communicates directly with the subarachnoid 
space. 
This perivascular channel when the mesothelial cell 
cuff cease~ continues inward directly connecting with the peri-
neuronal spaces surrounding the nerve cells. These ultimate 
spaces are potential in normal conditions but under certain cir-
cumstances become readily recognizable microscopically. Although 
these were originally termed lymphatic in character they have no 
connection with the lymphatic system. They do represent, how-
ever, an important accessory fluid system of the neuraxis, af-
fording a direct pathway uninterrupted by cell membranes between 
the nerve cells and the subarachnoid space.? 
The Cerebrospinal Fluid.--The Jrebrospinal fluid is 
A. 
entirely enclosed within the brain and the subarachnoid space, 
at no point does it have uninterrupted contact with other body 
tissues or fluids. The fluid has much the same constituents as 
lymph. Normally it differs from blood in its constituent parts 
mostly in having a high chloride and a low protein. 
Complete enclosure of the cerebrospinal fluid is ac-
complished by the unbroken mesothelial covering of the subarach-
noid space7and the ependyma. The ependyma is the epithelium of 
the central nervous system and lines all of its cavities. It 
has no normal breaks in continuity. This epithelium has two 
limiting membranes. The outer separates it from the pia mater. 
the inner is for.med by the cuticle of the cells. The cells of 
the ependyma normally vary from flattened to columnar in differ-
ent areas. 8 
In the circulation of the cerebrospinal fluid several 
factors sould be considered: These are the source, the area ~n-
volved and the flow, also the pOint of exit or absorption. The 
source or origin has been rather well established as the chori-
oid plexus.? Whether this is by secretion or by dialysis is a 
controversial point. The anatomy of the chorioid gives some 
basis to both theories. 
The chorioid plexuses are found attached to the walls 
of the ventricles. They are formed by masses of blood vessels 
in folds of pia mater bulging into the ventricles. The chorioid 
tela and the chorioid plexus are composed of a highly vascular 
pial membrane which is separated from the lumen of the ventricle 
.-
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by a cerebral epithelial membrane. The pial tissue resembles 
formless connective tissue but comprises only the smaller por-
tion of the structure. In this tissue the collagen fibers 
form a loose network which is condensed immediately under the 
epithelium as well as at the bases of the villi. The bulk of 
the subepithelial portion of the plexus, however, is formed of 
blood vessels. Characteristic of these vessels is the presence 
of large venous sinuses as well as the dilated capillaries 
which lie in each villus. The sinuses are composedo~ caverns 
of variable width which extend to the epithelial cells. The 
cavern walls are much thinner than those of the vein, they do 
not contain any muscle fibers but do contain elastic fibers. 
In the villi themselves sinuous dilated capillaries appear and 
these also border directly on the epithelial cells.8 
That the chorioid plexus is the main source of the 
cerebrospinal fluid was shown by Dandy when he experimentally 
produced an unilateral internal hydrocephalus by blocking one 
foramen of Monroeand later preventing the developement of an 
unilateral internal hydrocephalus by ex~irpating the corres-
ponding chorioid plexus. Weed also has produced anatomical 
evidence to indicate that the perivascular spaces pour some 
fluid into the subarachnoid space. The ependymal cell lining 
may also contribute even in the adult a minimal addition to 
the fluid. 
The Circulation of the fluid is from the lateral 
ventricles through the foramina of Monroe into the third ven-
tricle and through the aqueduct of Sylvius into the fourth ven-
tricle. From here it enters the subarachnoid space through the 
""" 
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foramina of Magendie and Luscka. After spreading through the 
subarachnoid space it is absorbed by the arachnoid granulations. 
The control of the circulation is probably dependent upon differ-
ences in pressure. The pressure in the capillaries of the chori-
oid plexus is probably 60 to 80 rom. Of mercury. That of the fluid 
is from 110 to 130 rom. of Ringerts solution. Then it comes in 
contact with the dural venous sinuses where the pressure is lower 
that that of the cerebrospinal fluid as determined by punctures 
in the superior sagittal sinus and the cisterna magna.? The rate 
of production and circulation may be altered by changing the 
blood osmotic tenSion, by the injection into the blood stream of 
hypotoniC or hypertonic solutions. 
Absorption of the fluid is normally by way of the 
arachnoid granulations. However, under influence of the in-
ceased salt content of the blood as produced by strongly hyper-
tonic salt solutions, absorption also takes place by way of the 
perivascular channels and the ependymal lining into the capill-
aries of the central nervous system. In the norttf.lprocess fil-
tration is probably the chief factor, but in great differences 
of osmotic tenSion, osmosis and diffusion apparently play the 
greatest roles. 9 The arachnoid membrane is imperforate around 
$PWd/ 
theAnerve roots and any fluid that passes into the perineural 
spaces must do so by extravasation. 10 
The Hematoencephalic Barrier.--The term hemato-
encephalic barrier refers to a phenomenon which shows itself 
as a selective permeability of the membranes se~arating the 
blood stream from the cerebrospinal fluid. One of the out-
standing charaeterist'ics of this ph.enomenon is that the select-
,-
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ive permeability acts from the blood stream to the cerebro-
spinal fluid, while from cerebrospinal fluid to bloodstream 
the permeability appears to be complete. 6 
The main anatomical constituents of this barrier 
probably are; the chorioid plexus, ependyma, neuroglia, cere-
brospinal vesselS, and leptomeninges. 
Part of the selective permeability was shown by 
Kafka when he d~onstrated that uranine injected into the 
blood stream accumulates mainly in the chorioid plexuses, only 
traces were found in the ependyma. Goldman has shown the dyes 
such as trypan blue, methylene blue, and osamine blue injected 
intravenously accumulated in the chorioid plexuses and no other 
part of the n'ervous system showed any of the dye. 
The work of Zylberblast-Zand on the barrier action 
of the pia mater in relation to intravenous injections of try-
pan blue has already been described. 
L. Stern advocates the idea that in normal conditions 
the passage of crystalloids is mainly controlled by the chorioid 
plexuses and the ependyma, while the passage of colloids is reg-
ulated chiefly by the walls of the vessels. 6 
So far as is known there is no substance in the cere-
brospinal fluid as it comes from the chorioid plexus which is 
not already pre,sent in the plasma. Some substances wi th large 
molecules are completely excluded from the cerebrospinal flUid, 
namely fibrin, lipoids, most ferments and imnunological sub-
stances such as antibodies, complement and lysins. ll 
Certain pathological conditions alter the permea-
bility of the barrier. The best measure of the permeability of 
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the barrier is by the bromide test designed by Walter. So far 
a relationship between the permeability quotient and age, sex 
or menstruation has not been demonstrated. The permeability 
quotients show little variations for the same individuals on 
repeated examinations. 12 Histologic studies of cases of paresis 
in persons whose permeability index was determined shortly be-
fore death showed that there was a definite relationship between 
the index and the amount of iron in the cerebral vessel walls. 
The fluctuations of the index generally preceded the 
corresponding changes in the clinical picture of the patients 
with paresis. 13 The permeability may also be increased by active 
tuberculosis, cerebral arteriosclerosis, acute infection and the 
reactions to typhoid inoculations. 14 
The Intracranial Circulation and Vascular Communi-
cations.--The intracranial arterial blood is brought into the 
cranial cavity by the carotid and vertebral arteries. The final 
return circulation is predomina~ly carried out by the internal 
jugular veins. 
Close to the skull between the inner and outer layers 
of the dura are the dural sinuses forming the larger intracranial 
veins. These sinuses are grouped as the paired and unpaired. 
The unpaired are the superior sagittal and inferior sagittal, the 
straight, the anterior and posterior int~~cavernous and the basi-
lar. 
There are six paired sinuses, the transverse, the 
OCCipital, the cavernous, the superior petrosal, the inferior 
petrosal and the spheno-parietal. 
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As potential routes of infection these sinuses are 
important chiefly through their extracranial communications. 
The superior sagittal sinus comm~nicates at its 
anterior end through the foramen caecum by a vein connecting 
it with the nasal cavity or the angular vein. Near the vertex 
it has venous communications with the exterior of the skull, 
through the parietal foramina. At its posterior extremity in 
the confluent sinus there is an emissary vein passing to the 
external si~e of the occipital bone where there is a communi-
cation with the occipital vein and an occipital diploic vein. 
The transverse sinuses pas~along the inner surface 
. of the mastoid bone. Here it communicates with the exterior 
of the skull through an emissary vein especially the mastoid 
emissary vein which will be discussed with the mastoid bone. 
Small veins draining the tegmen t~pam~ tegmenantri 
and the middle ear mucosa pass through the petrosquamous suture 
connecting these structures with the superior petrosal sinus. 
The inferior petrosal sinus is connected with the 
inner ear by the internal auditory veins. These veins some-
times drain into the transverse sinus. 
The cavernous sinus has many extracranial communi-
cations. It receives blood from: 
1. The dura mater through the sphe~parietal 
sinus. 
2. From the cerebrum and meninges through the 
inferior and anterior cerebral and meningeal veins. 
3. From the mucous membrane of the sphenoid 
air cavity through small veins penetrating the 
bony wall of this nasal accessory sinus. 
4. From the forehead, supraorbital region, 
nose, eye and other parts of the upper face, 
through the main venous supply, the superior 
and inferior ophthalmic veins and their 
communications. 
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The frontal and supraorbital veins unite at the 
root of the nose to form the angular vein. The angular vein 
co~ses downward and at the lower margin of the orbit becomes 
the facial vein. A small tributary called the nasal frontal, 
branches from the angular and communicates with the superior 
op~thalmic. As the superior ophthalmic continues toward the 
cavernous sinus it receives: ~ At the margin of the orbi t, a 
tribumary from the frontal diploe; within the orbit the an-
terior and posterior ethmoid veins from the etlrmoid and s~ben­
oid air sinuses and the intranasal tissues; also the ciliary 
veins from the tissues of the orbit. Finally it enters the 
anterior portion of the cavernous sinus at the sphenoid fiss-
ure. A network of veins on the inner portion of the floor of 
the orbit gives rise to the inferior ophthalmic vein. This 
plexus comm~nicates with the facial veins and passes toward the 
fundus of the orbit, receiving tributaries from the various eye 
muscles. It may open directly into the cavernous sinus or in-
to the superior ophthalmic vein just before it enters the cavern-
ous sinus. An important branch of the inferior ophthalmic vein 
communicates with the pter!goid plexus through the sphenomax-
illary fissure. 
The b.ranches leading blood from the cavernous sinus 
are: 
-. 
1. Small veins that pass from its under 
surface through the foramen ovale, the fora-
men rotundum to communicate with the ptery-
goid plexus. Through these branches there 
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is an indirect relationship between the 
cavernous sinus, the soft palate, the fauces, 
alveolar processes and pharynx, the veins 
from these areas enter the pharyngeal and 
pt~rygoid plexuses which co~~unicate with 
each other. 
2. A number of fine veins which accompany and 
surround the internal carotid artery while it 
passes through the carotid canal and thus they 
reach the jugular bulb. 
3. The superior and inferior petrosal sinuses 
which pass from the posterior extremity of the 
cavernous sinus and carry blood to the trans-
verse sinus. 
There are also intercommunicating passages between 
the cavernous sinuses, these are: 
1. The coronary or circular sinus which con-
sists of a double cross anastomoses between 
the cavernous sinuses, it lies in front and 
behind the infundibulum of the pituitary body. 
2. The transverse occipital or basilar sinus 
at the caudal end of the cavernous sinus serves 
as an intercommunication between the two. 
The major portion of the blood entering the angular 
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vein is carried off by the facial vein only a small part 
enters the superior ophthalmic. There is also an important 
branch of the facial, the deep facial or anterior internal max-
illary vein, originating in the pterygoid plexus and entering 
the facial vein beneath the zygomatic muscles. 
The pterygoid plexus with its many communications 
lies in the pterygoid fossa. By the deep facial it communi-
cates with the facial vein; with the pharyngeal plexus by an-
astomotic branohes; with the cavernous sinus through small veins 
traversing the foramina ovale, laoerum medium, rotundum, and 
Vesalii; and by a small branoh through the sphenomaxillary fiss-
ure with inferior ophthalmio. Most of the blood of the pterygoid 
plexus drains into temporomaxillary vein whioh combines with the 
posterior aurioular to form the external jugular. 
There is either an absence or total inoompetenoy of 
the valves of the faoial, angular and opathalmio veins. Further-
more the intracranial veins, those of the pterygoid plexus, and 
the small veins joining it with the cavernous sinus are free from 
valves. This absenoe of valves permits the blood to flow unim-
peded in either direction. 
The direction of blood flow in the emissary and intra-
cranial channels is frequently ohanged due to suoh conditions as 
changes in gravity, muscular exertion, the relative pressure in-
side and outside of the cranium and respiratory cyole. 
Inspiration tends to rapidly drain the blood from the 
skull. The ~pposite effect is produced by expiration and mus-
oular exertion or strain. The blood may flow between the oavern-
ous and petrosal sinuses out into the ophthalmic at times of 
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severe muscular exertion may flow up the facial and emissary 
veins of the cavernous sinus from the pterygoid plexus, de-
pending on the relative difference in forces exerted in differ-
ent parts of the respiratory cycle. 16 
Another set of important venous channels are the 
diploic veins. The diploe of the cranial bones of the adult 
contain numerous tortuous channels. These are lined more or 
less completely by a layer of compact tissue. These veins are 
large, their walls are thin being formed only of endothelium 
resting on an elastic tissue layer. At irregular intervals 
there are pouch like dilatations or culdesacs which serve as 
reservoirs for blood. These diploic veins are confined to 
their particular bones as along as the bones are distinct and 
separate, when the sutures unite they intercommunicate and in-
crease in size. Some of the small veins of the mucous membrane 
of the nasal accessory sinuses communicate with the diploic 
veins. There are also anastomoses between the veins of the 
diploe and the veins of the ~kQll dura. l ? 
The Nasal Accessory Sinuses - Nasal Mucosa.-- In re-
lationship to intracranial pathology the most important of the 
sinuses are the frontal, ethmoids and s~penoid.l? 
The frontal sinus is lined with a mucous membrane 
that is continuous with that of the rest of the upper respir-
atory tract. Some of the veins of this mucous membra~communi­
cate with the diploic veins. l ? The frontal sinuses come into 
reltationship with the brain cortex in the region of the frontal 
pole. The amount of potential brain exposure is. in proportion 
to the areal of the frontal sinus.4 When perforations occur 
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in disease of the frontal sinus they are found in: 
1. The anterior wall or outer table of the skull. 
2. The floor or the orbital wall, and if the 
orbital periosteum is perforated, into the orbit. 
w~ 17 3. The posteriort\.and into the intracranial cavity. 
The ethmoidal sinuses lie in close relationship to 
the basal brain cortex near the gyrus rectus and for some dis-
tace lateral to it.4 They are separated from the orbit by a 
very thin bony wall. There is also a close relationship to the 
filaments of the olfactory nerve. There 1s frequently a vein 
draining the mucous membrane of this area which passes through 
the cribiform plate and into the anterior end of the superior 
sagittal sinus. The lymphatics of this region are not well worked 
out, though Key and Retzius and Cuneo have shown that they in some 
way probably connect with the subdural space.4 
Perforations occuring in disease of these sinuses are 
found to enter: 
1. The orbit. 
2. The nasal cavity. 
3. The intracranial cavity.17 
The sphenoidal sinus is in close relationship to the 
base of the brain and the basal cisterns. It is separated from 
these only by a thin bony wall. This sinus is also very close 
to the cavernous sinus only a thin bony partition forming the 
barrier.4 There is free venous co~unication between the sinus 
and the venous sinuses of the dura, the cavernous and petrosal 
P- sinuses and the basilar and carotid plexuses, as well as with 
the arachnoid vessels within the bulbar cistern. Through these 
communications emboli which have formed in the veins of the 
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sphenoid may reach any part of the return circulation of 
the head. lS 
There exists a potential connection which sometimes 
w.-flt 
under pathologieal eonditions becomes an actual connection ~ 
the optic nerve. H. Herzog of Innsbrusk, Austria demonstrated 
that there are often extensive marrow spaces of the bone be-
tween the sphenoid sinus and the optic oanal. These are inti-
mately connected with the submucosa ot the sinus and the dural 
sheath of the optic nerve by means of oellular processes running 
from the dura into the spaces where they blended with cellular 
elements derived fram the submuoosa of the sphenoid sinus ex-
tending into the same spaoes.19 
Perforations ooeil'l."imgiin sphenoidal sinus disease 
appear through: 
1. The roof into the intracranial cavity. 
2. The floor or anterior wall into the pharynx. l ? 
In relation to intraoranial pathology the portion 
of the nasal muoosa about the olfactory epithelium is probably 
the most important. 
That there exists a direct oonneotion between this 
area and the eentral nervous system is well established. In 
specimens prepared from animals, W. E. Clark found that a sol-
ution of potassium. ferrooyanide and iron ammonium eitrate, whioh 
had simply been dropped into the nasal oavities, was, very rapidly 
absorbed by the nasal mucous membrane and within an hour had 
reaohed the surface of the brain. The intermingling of the prus-
sian blue granules with the oells of the olfactory epithelium. 
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is evidence that the solution had penetrated throughout the 
thickness of the epithelium. 
In a few eases minute capillaries which run among 
the fibers of a olfactory nerve bundle and passed through the 
cribiform plate were found to contain prussian blue granules. 
Ocoasionally a larger vessel presumably a small vein also pass-
ing through the cribiform plate but along the side of a nerve 
bundle was found. 
Blood vessels which pass through the crib1form plate 
lie in the sheaths of the nerves which they accompany, that 1s 
among the meshes of the trabecular ti ssue which is an extension 
of the pia~arachnoid through the cribiform plate and into the 
nose. 
The nasal mucosa is oonneoted direotly with the sub-
stance of the brain by the axis cylinders' of the olfactory nerves 
and the trigeminal nerves thus connecting the muoous membrane 
with the olfactory bulb and the medulla. 
Evidence ithat there is a conneotion between the nasal 
I 
muoosa and s~bstanc~ of the brain in man is presented by a case 
quoted from Hayen by Logan Turner. "A man had an attack of epi-
I , 
staxis and sought t4e aid of a pharmaceutioal chemist who plugged 
! 
, 
his nose with a tampon soaked in perchloride of iron. A few days 
I 
later the man died tram meningitis. At the necropsy it was found 
I 
that the olfactory ~UlbS were stained brown and gave the prussian 
blue re action,~20 i 
The direot connection between the nasal olfactory 
epithelium and the brain is by the olfactory nerves. The ol-
factory cells are bipolar and extend through the entire ~ft1ek­
~ ~ thickness of the neuroepithelium. The peripheral pro-
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cesses are short and extend to the surface of the mucosa. 4 The 
central processes become grouped in twenty to twenty-five bundles 
and pass through the eribiform plate to the olfactory bulb. The 
olfactory bulb is broughiinto connection with the brain by fibers 
passing through the olfactory ped~ncle.2l 
Connections of the olfactory bulb within the central 
nervous system are important if the passage of a neurotropic 
virus is considered. One of these tracts is the basal olfactory 
bundle of Wallenberg which terminates in the hypothalmic region 
in or near the mamillary body partly in the interpeduncular re-
gion and partly in the lower areas of the brain stem. By another 
tract the bund-le of Vicq d'Azyr, the tract to the mamillary body 
connects with the anterior nucleus of the thalmus, and with the 
dorsal tegmental nucleus of Gudden in the central gray matter of 
the midbrain. This is an important olfactory relay pOint. Thus 
there are tracts and connections to all parts of the central 
nervous system ei ther direct or by connections through the thal-
mus. 22 
The Orbit and Optic Nerve.--The orbit is structurally 
weakly walled on three surfaces: 
1. On the roof between the frontal sinus and 
the brain. 
2. In median wall next to the ethmoid sinuses. 
3. On the floor over the maxillary sinus. 
On these surfaces the hones are thin and weak being 
easily perforated by suppurative processes. 
The most important structures of the orbit in regard 
to potential paths of infection are, the inferior and superior 
ophthalmiC veins and the optic nerve. 
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A discussion of the veins has already been given, 
therefore only the optic nerve will be described. 
Direct connection between the eye and the brain is 
formed by the 9ptic nerve. the coverings of which are also con-
tinuous with those of the brain. \ 
The outer covering is continuous posteriorly with t~e 
dura and anteriorly with the outer layers of the sclera. It 
joins the optic nerve in the optic canal and at its anterior exit 
it splits into two layers. the outer going to form the peri ore-
ita, while the inner continues forward as the external covering 
of the nerve. 
~he subdural space of the optic nerve is potential 
b.eing cJ1vssed by trabeculae, it is in direct continuity wi th the 
subdural space surrounding the brain. 
The arachnoid sheath of the brain is extended along 
the optic nerve forming the middle sheath and inserting anter-
iorly into the sclera. From the chiasm to the optic canal it is 
loosely attached to the nerve, in the orbital portion of the 
nerve it is closer to the dura than the pia. The subarachnoid 
space of the optic nerve is fluid filled and is a direct con-
tinuation of the subarachnoid space which envelopes the brain: 
Closely surrounding the optic nerve is the pia. It 
is continuous with the pia of the brain and inserts anteriorly 
into the inner layer of the sclera and the chorioid. 
Key and Retzius were able to inject the subdural and 
subarachnoid spaces from the corresponding spaces of the brain. 
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The Temporal Bone and Middle Ear.--The middle ear 
1s a narrow cleft-like space in the temporal bone. Anteriorly 
it communicates with the nasopharynx by the Eustachian tube. 
Posteriorly the a tt:iCh' communi cates by the adi tus wi th the an-
trum and through it with the mastoid cells. There are also 
communications with eblls of the petrous pyramid. The middle 
ear is developed by an upward and backward growth into the tem-
N4'e 2 
poral by a hollow bud of mucosa from the nasopharynx. 3 
Other parts of the temporal bone to be dealt with 
in this section are: The inner ear, the mastoid process and 
the petroua pyramid. 
The inner ear is contained in a hard compact bony 
capsule, this houses the labyrinth and is composed of three 
layers. The innermost or endosteal layer arises from the con-
nective tissue endosteum which lines the entire perilymphatic 
space. The intermediate or endochondrial layer is developed 
from cartilage and throughout life it retains islands and 
strands of cartilage. These two layers are compact bone and 
have reached their full size at birth. The oter or periosteal 
layer is a connective tissue bone derived from the periosteum. 
The portion which forms the inner tympanic wall comes 1n con-
tact with the tympanic mucosa, and in its developemental stage 
may be subject to that tissuets pneumatizing power. Therefore 
the periosteal layer often shows definite tracts of pneumatic 
spaces which surrounds the other layers. There are no reports 
of pneumatization ever occurring in the inner two layers. Thus 
the inner. ear is protected from invasion at all points except 
the natural openings, the oval and round window, the endolymphatlc 
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and cochlear aqueduct, the internal auditory meatus24and the 
blood vessels. 
Veins of the inner ear drain into the superior and 
inferior petrosal sinuses and the jugular bulb. The lymph 
drainage is divided into two parts. The endolymph system ends 
in the saccus endolymphaticus which lies between the layers of 
the dura. The perilymph system communicates directly with the 
subarachnoid spaoe of the posterior cranial fossa by means of 
the narrow cochlear aqueduct. 23 The oval and round windows are 
.exposed to the middle ear cavity. 
The mastoid process of the temporal bone generally 
is/~orous structure containing many air cells, only about 20% 
of the mastoids are aoellular. 
This porous struoture with its air oells is the re-
sult of pneumatization. This pneumatization is carried out by 
the mucosa derived from the nasopharynx. Thus the lining epi-
thelium of the middle ear and mastoid cells arises primarily 
from the Eustaohian tube. In the front part of the middle ear 
cavity and in the tube ~he epithelium is oiliated, toward the 
mastoid antrum the oells become more flattened. A full de-
veloped mastoid cell is usually lined by a Single layer of 
fla ttened epi thel ial cells. 25 
The oellular structure of the mastoid is varied, 
usually there are three types of cells, anyone of which may 
predominate. The marrow spaces large and small apparently inter-
communicate throughout. These cells have no lining membrane. 
In addition to the marrow spaces there are small spaces which 
are not cells, in the sense of their being air containing, but 
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are filled with a loese, sparsely cellular areolar tissue in 
which there are one or more blood vessels of varying size. 
A layer of surface epithelium and tunica propria 
composes the lining Qf the pneumatic cells. This tunica pro-
pria consists of a rather loose areolar ground work in which 
are found many foung connective tissue cells, some plasma 
cells and a f6l'lmonocytes ;bu t of greatest importance a veri-
table network of small thin walled capillaries. Some show 
evidence of containing blood, some others appear empty and 
are probably lymph vessels. This tunica propria is in con-
tact with the bone and is a continuous system from the Eu-
stachian tube to the smallest mastoid cell. This does not ex-
tend into the marrow spaces but only to the openings. As a 
result these are closed off from the air containing cavities 
of adjacent cells, though capillaries are seen to pass into 
the marrow spaces, and red and white Qells from the marrow 
spaces cluster about the capillaries in the tunica propria of 
adjacent cells, thus a close communication is established be-
tween the mastoid cells and the marrow spaces. 26 , 
There are two other structures to be considered in 
relation to the mastoid process, these are the subarcuate. 
fossa and the mastoid emissary vein. 
The subarcuate fossa should be gradually obliter-
ated during childhood. During this period, however, a de-
pression or canal may be found27 which contains sometimes a 
vein and artery surrounded by a process of the meninges, and 
'-" communicates wi th the mastoid cells. D. Wolff has noted five 
cases, the oldest of which was 48 years, in which the subarcuate 
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fossa co~unicated with the mastoid antrum, the dura act-
ually serving as a lining for the antuum. 
The mastoid emissary vein may be absent but is us-
ually present, generally single and small but may vary in size. 
It originiates on the outer edge of the lateral sinus groove 
just below the bend, and has a short course in the substance 
of the bone in an upward and backWard direction. This vein 
opens on'the surface just behind the upper posterior edge of 
the base of the mastoid process and drains into the occipital 
or posterior auricular vein. The vein varies in size from 
. thread-like to three-eights of an inch in diameter. In two of 
fifteen hundred skulls examined, the mastoid emissary vein took 
the place of the lower part of the lateral sinus. The mastoid 
cells may extend up to it above, outside and below, but never 
medial to the vein. Some of the diploic veins may open into 
this emissary.28 The vein may drain into the OCCipital vein 
which is usually associated with a definite plexus, the ramifi-
cations of which are prone to anastomose through its many vessels 
with any or all of the veins of the neck either superficial or 
deep.29 
The petrcus portion of the temporal bone, exculsi'te; 
of the otic capsule, is normally a spongy bone containing marrow 
spaces. However if it is subjected to the pneumatizing influ-
ence of the tympanic mucosa, it may be conver ted into a bone 
consisting of air containing spaces. 24 
There must be a contiguity of tissue as far as the 
epithelial tissue of the petrous pyramid is concerned. Develope-
mental steps take place in the pneumatized petrosal pyramid, the 
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same as take place in the mastoid process. The same histolog-
ical structure is found in; both bones. 30 The cellular type of 
the petrous apex may be either pneumatic or diploetic. It is 
through the thin capillary walls that an intimate anastomoses 
is said to exist between the pneumatic and marrow containing 
sp~ces, however direct communications are often found. 
The osseous lamina forming the walls of the petrous 
pyramid are exceedlmgxy thin, and bony defects or dehiscences 
are not infrequent. These are most frequent in the roof and 
under the Gasserian ganglion, also in the middle fossa and the 
carotid canal. Along the posterior border wpere the bony cor-
tex is thicker, dehisoences were not found. Even where dehis-
oenoes were not found under the Gasserian ganglion, the cortex 
was so thin that the pneumatized and marrow spaoes were in in-
timate oontact with the ganglion. 
In some sections the distal extremity of the apex, 
near the pos ter ior inferior border, appears fused wi th the sphei!-.e, 
noid bone. This fusion may also take plaoe with the basi lar 
part of the occipital bone. 31 
Usually the 'petrous and mastoid tend to be similar,' 
in structure in the same individual. It is not unusual for the 
pneumatization to extend to the squamous, the zygomatic and even 
the oocipital bones. 30 There is an intercommunication between the 
system of cellular spaces in the mastoid and the petrous bones. 31 
There are two great routes of pneumatization of the 
petrOls pyramid: 
1. The antrum epitympanic. 
2. The hypotympanie. 
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Anatomically the cells can always be traced to one 
of these routes, embryologically they develope in this manner. 
In the antrum epitympanic route the cells extend 
from the an~rum and epitympanic space above the cochlea and 
above and behind the superior semicircular canal; then behind, 
above and in front of the internal auditory meatus and finally 
to the mass of cells under the tegmen of the anterior surface 
of the tip. 
The hypotympanic route: The cells extend from the 
hypotympanic space below the cochlea; then below the internal 
auditory meatus and finally to the mass of cells under the teg-
men of the posterior tip. The two groups meet immediately 
below the depression for the Gasserian ganglion. 32 
Other routes of pneumatization noted are: 
1. From the peri tubal cells into the pyramidal tip. 
2. From the peritubal cells directly into the 
carotid canal, or through dehiscences in the 
anterior tympanic wall into the carotid canal. 
3. Along the perilabyrinth~ cells originating 
in the antrum. 30 
All of this pneumatization arises from a common 
source, the mucosa of the nasopharynx which forms, first, the 
Eustachian tube, then the tympanic cavity and mastoid antrum, 
from here the pneumatization spreads especially to the mastoid 
and petrous bones. 
The presence of dehiscenses in the carotid canal and 
close to cranial nerves are especially important due to the 
perivascular and perineural tissue spaces. The tissue spaces 
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of this reg,ion have been shown to be in communication wi th the 
lymphatics of the neck. Probably the most important demon-
strated communication is the one shown by Papale. This is, that 
there is a direct communication of the pericarotid tissue spaces 
wi th those of the sixth nerve a t the point where the nerve crosses 
the internal carotid in passing through the cavernous sinus. 33 
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SECTION' TWO 
The Routes of Infection 
The types of infection involving the intracranial 
contents are primarily of two varieti~~e&; one ~nvolves the 
nervous tissue, the other invol~es the meninges. Infection 
involving the nervous tissue may be walled off in one area as 
a;,brain abscess or may be relatively diffuse as: encephali tis 
or acute anterior poliomyelitis. When the meninges are infect-
ed the process may be locallized or general. 
The anatomy of the meninges makes it evident that 
once infection has entered the leptomeninges and subarachnoid 
space it has potentialities of an uninterrupted spread to any 
part of the subarachnoid over any section of the brain or spin-
al cord. 
Entrance of infection into the intracranial structures 
may be gained by three ways. These are: By direct extension, 
by blood stream and by nerve trunks, either through the axis 
cylinder or along the perineural spaces. These routes will be 
considered as the various sources of infection are studied. 
Major potential sources of infection of the intra-
cranial structures are: 
1. The blood stream either arterial or venous. 
2. The olfactory and nasal mucosa. 
3. The nasal accessory sinuses. 
4. The Qrbit and optic nerve. 
5. The middle ear cavity and its extenSions, 
the mastoid process and the petrous pyramid. 
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6. The cranial nerves. 
The Blood Stream;--The arterial blood may bring in-
fected emboli especially from a suppurative process in the 
lungs or a bacterial endocarditis. Another source of infect-
ion through the arterial blood is in case of a blood stream 
infection. 
Chief factors in regard to entrance of infection by 
route of the venous blood is the absence of valves in these 
veins, as described, and frequent reversal of the direction of 
blood flow with various conditions. 
These factors are very important when dealing with 
infections about the face and forehead which may gain access 
to the angular vein or its connections and thus by embolism 
or thrombophlebitis involve the cavernous sinus. Infections of 
the tonSil, palate; and pharynx may, through the pharyngeal and 
pterygoid plexuses, gain entrance to the cavernous sinus. There 
are other routes by which the cavernous sinus may be invaded. 
One of these is, from the sphenoidal sinus; some of its veins 
idrain into the cavernous sinus. Also the superior and inferior 
ophthalmic veins drain the orbi t into the cavernous sinus. There 
,is a diploic vein from the frontal bone that drains into the sup-
;erior ophthalmiC vein. All of the intracranial blood is inti-
~tely connected with the cavernous sinus by the other dural 
:sinuses. 
The superior sagittal sinus is connected with the nasal 
: ~ucosa by' a vein passing through the cribiform plate. Thus in-
!tection in this region may pass into the superior sagittal sinus. 
! 
IThere are emissary veins in the parietal and occipi tal regions 
I 
! 
I 
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which connect the scalp with the superior sagittal sinus. 
Of principle importance is the proximity of the 
transverse sinus to the mastoid process and its connection 
with the mastoid emissary vein. Thrombophlebitis of this 
sinus may occur either as a direct extension of infection of 
the mastoid or through the mastoid emis~ary vein. This mas-
toid emissary vein, through its connection with the occipital 
vein, may be invaded from the superficial head region and the 
deep and superficial areas of the neck through the occipital 
plexus. 
Infection may enter the superior petrosal sinus by 
passing along the veins draining the tegmen tympani, the teg-
men antri and the middle ear mucosa. 
Drainage of the inner ear is by the internal auditory 
veins into the inferior petrosal and sometimes into the trans-
verse sinus. Infection may thus enter the superior and infer-
ior petrosal and the transverse sinuses from the middle and 
inner ear, either by emboli or by an extending thrombophlebitis. 
Another important intracranial connection is that, 
the veins of the dura and the diploe intercommunicate and are 
valveless, thus offering free passage for infected material. 
A further connection in this regard is that, some of the veins 
of the mucosa of the paranasal sinuses and the mastoid process 
drain into the diploic veins. Thus a complete patent vascular 
channel connecting the paranasal sinuses and the mastoid pro-
cesses with the dura mater is formed. 
An important vascular channel is that between the 
sphenoidal sinus mucoSdand the subarachnoidal vessels of the 
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basal cisterns. This gives a portal of entry for an early 
basilar meningitis and all the potentialities of further 
spreading .18 
The Olfactory and Nasal Mucosa.--As stated previous-
ly, W. E. Olark, Key, Retzius and Cuneo have demonstrated that 
there is a connection between the olfactory and nasal mucosa and 
the surface of the basilar portion of the brain. The absolute 
nature of this connection is not definitely establisid, it may 
be by minute capillaries or perineural spaces possibly due to 
an extension of the pia arachnoid along the olfactory nerves. 
However, though the exact mechanism is not established, the exist-
ence of this passageway is definitely proven. 
The Nasal Accessory Sinuses.--As stated before, the 
most important of these are the frontal, the ethmoidal and the 
sphenoidal, Infection in these sinuses may extend to the inside 
of the cranium by either perforation or through the ~scular 
channels, also by tissue continuity. 
Perforation may occur from- the sphenoidal sinus direct-
ly into the cranial cavity. An ethmoidal infection may cause a 
perforation into the cranial cavity or into the orbit. Perfora-
tions from the frontal sinus may be intracrania~ or into the 
orbit. It is possible for a perforation from the maxillary sinus 
to enter the orbit. 
By continuity of tissue an osteomyelitis of the skull 
may occur from the frontal sinus, thus involving the veins of 
the diploe and giving access to the dura. Also by continuity 
of tissue On infection may extend from the sphenoidal sinus to 
the sheath of the optic nerve which is an extension of the 
,~!'!'1-\ 
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coverings of the brain thus offering a potential route for 
the spread of meningitis. 
By vascular spread, the veins of the diploe may 
invaded by some veins draining part of the mucosa of the sinu-
ses into the veins of the diploe. This is especially true of 
the frontal sinus. However vascular intracranial connections 
of the mucosa of the sphenoidal sinus are even more direct, for 
here there are direct connections between the vessels of the 
subarachnoid space in basal cisterns and some of the veins drain-
ing the sphenoidal sinus mucosa. 
The Orbit and the eptic Nerve.--The chief importance 
of the orbit, as a route of infection, is its relationships to 
the paranasal sinuses, the optic nerve, and the superior and in-
ferior ophthalmic veins. Perforations into the orbit have been 
discussed. Once the infection is established in the orbit it 
may spread intracranially by two routes. The first is vascular 
either by thrombophlebitis or embolism along the superior or in-
ferior ophthalmic vein to the cavernous sinus. The other r.oute 
is along the optic nerve especially by way of the sheath. The 
intimate association of the distal part of the optic nerve and 
its connections by way of the sheath of this nerve to the men-
inges, offers a dangerously direct and early accessible path 
for the developement of intracranial infection. 
The Middle Ear Cavity, the Mastoid Process and The 
Petrous Pyramid.--The most important factor in infections of 
these structures is the fact that the lining of the middle ear 
and the pneumatized cells of the mastoid and petrous portions 
are all developed from and continous with the upper respira-
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tory epithelium. This is important because of the frequency 
of upper respiratory infections. Another important factory 
bearing on this situation is that the tissue speoifioity of 
oertain strains of baoteria would lead many to invade this re-
gion by the natural ohannel offered by the Eustachian tube. 
Continuity of tissue here is an important factor in the: spread 
of infection through this area. The loose subepithelial tissue 
as described (lining the middle ear oavity and air oells) and 
its intimacy both directly and by capillaries with the diploic 
f!nd marrow oells, gi veSL.an easy rou teby tissue oon tinui ty to 
all parts of this region. Once the infeotion is established 
in these structures intracranial spread may be by several routes. 
These are: 
1. By direot extension through the mastoid oells 
to the lateral sinus. 
2. By direot extension through the floor of 
the tympanic cavity to the jugular bulb. This 
may be by persistent vascular ohannels or by 
dehisoenoes. 
3. By primary involvement of the mastoid em-
issary vein. 
4. By thrombosis of the inferior petrosal sinus. 
This may be by extension of the disease to the 
labyrinth and resultant involvement of veins 
draining the labyrinth, or thr~ugh necrosis of 
the cells of the petrous apex. 
5. By primary involvement of the superior petrosal 
sinus. This results from involvement of the veins 
which pierce the tegmen tympani and tegmen antri. 
These pass through the petro-squamous suture 
and join the veins draining the middle ear 
mucosa and empty into the superior petrosal 
sinus. 
If3? 
8. Through diverse or anomalous channels, such 
as the diploic veins or persistent vascular 
channels. l5 
Another route of spread is by preexisting channels 
either normal or anomalous. TWo natural channels enter the 
inner ear, these are the oval and round windows. When the in-
fection has invaded the inner ear it may enter the cranial 
cavity by certain other natural openings. These openings are 
the endolymphatic aqueduct which gives access to the dura, the 
cochlear aqueduct which enters the subarachnoid space in the 
basal cisterns, and internal auditory meatus. The anomalous 
opening most apt to be found is when the subarcuate fossa 1s 
not closed. This 1s especially dangerous when due to the 
failure of closure, the mastoid antrum is lined by the dura. 
Direct extension and perforation is another means 
of infection entering the cranial cavity. Direct extension 
may occur anywhere 1n the mastoid process. In the petrolls 
pyramid, however, there are certain routes of cells as have 
been discussed. These five main routes are: 
1. The antrum epitympanic route. 
2. The hypotympanic route. 52 
5. From the peri tubal cells into the apex. 
4. From the peritubal cells direotly into the 
carotid canal or through dehiscences in the 
anterior tympanic wall into the carotid oanal. 
5. Along the perilabyrinth~ cells originating 
in the antrum. 30 
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There are certain portions of the petrous pyramid 
where an infection is more apt to become intrac:ranial. At 
the apex along the roof and along the carotid canal the bone 
is very thin. Here dehiscences are most apt to occur and even 
though no dehiscences are present the bone is so thin. that an 
infectious process might easily perforate it. The preexisting 
cell tracts make an easy natural path by which an infectious 
process may reach the tip and thus the potentially most dan-
gerous part of the petrous pyramid. From here intracranial 
complications may arise easily. 
The Cranial Nerves.--For any neurotropic virus as 
poliomyelitis, or rabies, or toxin such as that of tetanus, 
the cranial nerves offer a direct short pathway to the central 
nervous system. 
It is well known that an infection of te;j;all"tl$;...<_O!l%;; 
rabies about the face is more quickly followed by symptoms 
than in similar wouilld about the extremities. The neurotropic 
factor here is well established and needs no discussion Since 
this route of infection has been well established. 
The route by which the virus of acate anterior 
poliomyelitiB~ enters the central nervous system has not been 
definitely and unanimously agreed upon. 
The work of Fairbrother and Hurst seems to establish 
the neurotropic character of the virus. The sequence of infect-
ion of the different regions of the central nervous system after 
intrasoiatic inoculation shows a definite tendency to follow 
the nervous pathways. That sequence is as follows: The lumbar 
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cord, the motor area of the cortex, the cervical cord, and the 
arm area of the cortex. The motor cortex corresponding to 
the inoculated nerve is infected before that of the opposite 
Side, this is 1ndj.cative of a nerve pathwa.y involvement. Also 
the thala:m.us corresponding to the inocula ted limb is' infected 
before the other. 54 
Monkeys may be consistently infected by application 
of the virus to the uninjured nasal mucosa, by swabbing or 
drops. Although nasal application gives less uniform results 
than intracerebral inoculation, it is the only method by which 
experimental poliomyelitis may be producj;'ed without trauma and 
from a body surface. 22 
This work indicates that the termina.tions of the 
olfactory nerves in the olfactory mucosa are an important 
portal of entry for the virus of acute anterior poliomyelitis. 
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SECTION THREE 
Case Histories 
Case~l. This oase is quoted from H~yen By Logan 
Turner, and previously desoribed in this thesis. ffA man had 
an attaok of epista~is and sought the aid of a pharmaoeutical 
chemist who plugged his nose with a tampon soaked in perohlo-
ride of iron. A few days later the man died from meningitis. 
At the necropsy it was found that the olfaotory bulbs were 
stained brown and gave the prussian blue reaotion~.20 
Comment.--This case seems to indioate that there 
is a clinical as well as experimental conneotion between the 
nasal mucosa and the basilar portion of the brain and involv-
ing the meninges. It therefore seems that this is a probable 
route of infeotion in meningitis. 
Case 2. A girl aged two years had a furunole on 
her forehead, this drained and the ohild felt quite well the 
following day. The ohild's left eyelids beoame swollen and 
her temperature went to 1040 • Early the next day she began 
having oonvulsions. She then entered the hospital. Phys-
ioal examination disclosed nothing other than the left eyelids 
were swollen so the eye was shut. Also the veins in this area 
were thrombosed. There was no neck rigidity. After admission 
her temperature rose progressively to 107.60 • The respirations 
became shallow and rapid and the child died. 
Necropsy.--A thrombosis was found involving the left 
cavernous Sinus, the circular sinuses and some of the right 
M 
cavernous sinus. The infl~~tion had penetrated the dura and 
involved the meninges in this area. 
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Oomment.--The route of intracranial involvement 
in this case was by extension along the veins about the orbit 
to the cavernous sinus with a resulting cavernous sinus throm-
bosis and meningitis. This illustrates one of the routes by 
which the cavernous sinus may be invaded by an infectious pro-
cess. 
Case 3. Boy aged two. and one-half yea~s. Three 
weeks before admission to the hospital the patient was kicked 
in the face by a horse and was unconscious for a short time. 
Two and one-half weeks later he developed a headache and-ear-
ache and a temperature of 104°. He was taken to a doetor who 
found a fly in his ear and removed it. However his head eon-
tinued to ache. The doctor examined him again and found his 
neck rigid. He then did a lumbar puncture and made his diag-
nosis of meningitis. 
On admission to the ho~pltal the patient was coma-
tose, his neck extended, knees flexed and pupils contracted. 
The knee jerks were hyperactive and a postive Kernig was pre-
sent. Examination of the spinal fluid revealed a type I 
Pneumococcic meningitis. The patient died seven days after 
admission. 
Necropsy.--A greenish purulent material was found 
in the subarachnoid space. This followed many of the fissures 
especially on the lateral aspect of the brain. Similar material 
was found in the basilar system extending into the spinal 
canal. No basilar fracture was found. None of the sinuses 
were found to be thrombosed. The right mastoid was filled with 
a greenish-yellow exudate similar to that found in the sub-
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arachnoid space. This extended along through the petrous bone 
and a pool of pus was found beneath the Gasserian ganglion in-
dicating the path of spread to the subarachnoid space. 
Comment.--The pathological findings in this case 
indicate the route of infection of the meninges and demonstrate 
that the cellular structure of the petrous bone offers a clinical 
route for intracranial infection. 
Case 4. A child developed a coryza, a purplish rash, 
headache and vomiting. This was diagnosed as measles. Then 
all symptoms disappeared. A few days later there was a sudden 
rise in temperature and bilateral deafness without pain in the 
ears. There was a spontaneous rupture of one drum, the other 
drum was opened because it'was reddened. After the opening of 
the drums there was profuse drainage from both ears. Slight 
tenderness was found over one mastoid. Then a double mastoid-
ectomy was done, both mastoids were found to be hemorrhagic, 
the one without tenderness being the most involved. On the 
second post-operative day a postive blood culture was found. 
Following this the sigmooid sinus was explored but found to be 
uninvolved. The child then showed the symptoms ot basilar men-
ingitisbut with no headache and soon died. 
Necropsy.--A purulent basal cisternal meningitis 
was found. Also there was pus in the sphenoid sinus and an 
:~,.acute osteomyeli tis of the sphenoidal roof. 
Comment.--The suppurative sphenoidal sinusitis be-
gan during coryza. The initial headache and vomiting marked 
the beginning of the meningitis. Instead of measles the rash 
may have been toxic erythema. The patient's symptoms plus 
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the postt1'te blood culture were indicative the suppurative 
sphenoidal sinusitis. This case indicates the potentialities 
of infection involving the sphenoidal sinus spreading to the 
cranial cavity.18 
Case 5. A white male aged 18 entered the hospital 
with the history of an acute upper respiratory infectiondur-
ing the previous week. This was followed by the onset of se-
vere headache, neck rigidity, and a positive Kernig on the 
day before admission. Spinal puncture showed this to be a 
case of Pneumococcic meningitis. The patient died three days 
after admission. 
Necropsy.--A perforation was found in the bone and 
dura in the right anterior fossa beside the cribiform plate. 
This perforation was five by twelve millimeters in diameter 
and communicated with an ethmoid cellon that side. The edges 
were ragged but rounded as though present for some time. All 
the ethmoid cells were filled with a yellow purulent material. 
Another perforation was found in the anterior right portion of 
the middle fossa. This involved the dura and bone but ended 
blindly in the bone at a depth of one to one and one-half 
millimeters, no pus was found about this perforation. Other 
pathology found was a meningitiS and a pressure cone on the 
cerebellum. 
Comment.--The entrance of infection into the cranial 
cavity in this case was by the perforation from the ethmoid cell. 
This was a case of direct extension of infection from the ethmoid 
sinuses to the meninges. 
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Case.6. ~~ite male age 20 was in contact with a 
case of acute anterior poliomyelitis in the pre-paralytic 
stage undiagnosed at the time. This case complained of a 
backache and had his back massaged by the patient. He was 
on the patient's bed with his face in the patient's pillow. 
His back was rubbed with "Analgesic Balm" which was inhaled 
by the patient and caused a copious secretion of mucous from 
the nose. That night the patient slept in the same bed and 
on the same pillow. Two weeks later the patient developed 
a case of acute anterior poliomyelitis. 
Comment.--It seems probable that the infection in 
this case gained entrance to the central nervous system by 
way of the nasal mucosa. This was further aided by the loss 
of mucous protecting the mucosa from the invasion of this 
virus. This case fi ts well wi th the concili:ilsions and obser-
vations of !f8.irbrother and Hurst. 
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SECTION }1"OUR 
Summary and Conclusion 
In this paper various routes of infection on a pre-
eXisting anatomical basis have been presented and discussed. 
Clinical factors have not been discussed except as they bear 
out the anatomical factors. These routes have been discussed 
mostly as originating from various foci. 
These sources and routes by which infection may en-
ter the cranial cavity are: 
I. The blood stream: 
A. Arterial. 
1. Foci. 
(a) Lung. 
(b) Heart. 
B. Venous. 
1. Here the absence of valves and the 
frequent reversal of flow is an impor-
tant factor. 
2. The cavernous sinus drains the area 
about the face, the pterygoid and pharyn-
geal plexuses, thereby having many portals 
for the entrance of infection. 
3. Venous connections between the sinuses 
and ex~racranial structures. 
4. By emissary veins connecting with the 
scalp to nasal mucosa, the middle and 
inner ear and the mastoid. 
5. Venous connections with the diploe 
and thus with mucosa of the nasal ac-
cessory sinuses. 
II. The nasal accessory sinuses: 
A. Perforation. 
1. Direct. 
(a) Into the cranial cavity. 
2. Indirect. 
(a) Into the orbit. 
(") 14I.,!" -r~t: 5'?~t7~,4 p-r r17e o"P~~ #~rye 
3. By blood stream. 
(a) Extension through the bony 
structure. 
III. The olfactory and nasal mucosa: 
A. By blood stream. 
B. By tissue spaces espeoially perineural. 
IV. The middle ear cavity, the mastoid process 
and the petrous pyramid. 
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A. By continuity of tissue, all these struct-
ures may be involved. Another factor being 
passage by preexisting cell tracts. 
B. Intracranial complication may arise by: 
1. Blood stream. 
2. Preexisting channels. 
(a) Patent subarcuate fossa. 
(b) Dehiscenoes. 
(c) Round window. 
(d) Oval window. 
(e) Endolyrllpha tic aqueduct. 
(f) Cochlear aqueduct. 
(g) Internal auditory meatus. 
3~.Direct extension through the bone 
into the cranial cavity. 
V. The orbit: 
A. Blood stream. 
1. Superior ophthalmic vein. 
2. Inferior ophthalmic vein. 
B. Optic nerve. 
VI. By the cranial nerves: 
A. These are important in connection with 
the neurotropio viruses. 
1. Rabies. 
2. Tetanus. 
3. Acute anterior poliomyelitis. 
VII. The Hematoencephalic Barrier. 
A. The exact anatomy and function of this 
phenomenon is not understood. In the role 
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of being a factor in intraoranial infection, 
probably the ohief structure, is the chorioid 
plexus. This structure is thought by some 
authorities to be of great importance in 
epidemio cerebrospinal meningitis. The 
oorrectness of the theory placing the chorioid 
plexus in:,this important role depends on 
whether or not a chorioiditis is the basis 
for the infection of the cerebrospinal fluid. 
It is quite conceivable that there is 
same stagnation of blood in these plexuses. 
Such a stagnation would favor the deve-
lopement of a phlebitis in this structure 
and a chorioiditis. As to the barrierts 
action in preventing the entrance of toxic 
or infectious material into the cerebro-
spinal fluid, little is known. The best 
example of this action is shown by the fact 
that poliomyelitis convalescent serum in-
jected intravenously in a normal person 
,;does not enter the cerebrospinal fuid. 
However if the barrier has been injured 
by the intraspinal injection of horse ser-
um or some other simple irritant or by 
acute anterior poliomyelitis the serum is 
not prevented from entering the subarachnoid 
space. 35 
The sources and routes of intracranial infection 
h 
come mainly under the supervision of the oto-~lno-Iaryn-
gologist and the ephthalmologist. Although not usually having 
to deal with these situations in their advanced stages the 
general practitioner will see them in their early stages. It 
is in these early stages that the potentialities and dangers 
of these conditions should be recognized and if possible averted. 
If such complications do arise a knowledge of the various sources 
of such a complication is necessary. The source should be looked 
for and if found it should be removed and thus prevented from 
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continuing the damage. An example of the value of this i$ 
found in Case 5. At one pOint in this case the patient im-
proved under treatment and if the primary source which was 
in the ethmoid cells had been known and removed and the 1m-
provement might have continued. However the primary source 
continued feeding infection into the cranial cavity. 
Therefore a knowledge of the rQutes and sources of 
'~racranial infections are important not only in the prevention 
of such complications but in their treatment after they arise. 
Especially in finding and removing a hidden causative agent. 
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